Inhibited spontaneous emission and electromagnetic instability of an atom in the near zone from the surface of an active medium  by Kocharovsky, V.V. et al.
Pergamon 
Computers Math. Applic. Vol. 34, No. 7/8, pp. 795-805, 1997 
Copyright©1997 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 
PIh S0898-1221(97)00175-2 0898-1221/97 $17.00 + 0.00 
Inh ib i ted Spontaneous  Emiss ion and 
E lect romagnet ic  Instabi l i ty of an Atom 
in the Near  Zone from the Surface 
of an Act ive Med ium 
V. V. KOCHAROVSKY, VL. V. KOCHAROVSKY AND A. A. BELYANIN 
Institute of Applied Physics, Russian Academy of Science 
46 Ulyanov Street, 603600 Nizhny Novgorod, Russia 
Abstract--The back reaction field and the self-consistent dynamics of a radiating dipole atom 
situated near a plane boundary between two isotropic media with different values of complex dielectric 
constants is studied. It is shown that spontaneous emission of an excited atom is suppressed, and 
electromagnetic instability of the ground state is possible, if an atom is located in the vicinity of 
an active medium which amplifies the propagating radiation. The effect is due to the modified and 
phase-shifted near field of an oscillating atomic dipole, which prevails over the usual radiation reaction 
field related to the wave zone. The role of the nonradiative energy transfer from the medium to an 
atom is emphasized. The necessary conditions for the reversal of the total electromagnetic back 
reaction are found, and possible experimental realizations of the predicted phenomena are discussed. 
In particular, it is argued that an atom initially in its ground state can get spontaneously excited 
and emit photon when going to the upper energy level. 
Keywords - -Spontaneous  emission, Back reaction force, Electromagnetic instability, Nonradiative 
transfer. 
1. INTRODUCTION 
To begin with, consider the simplest illustrative example which already demonstrates the suppres- 
sion of spontaneous emission of an excited atomic state and the electromagnetic (EM) instability 
of the ground state. Suppose that an atom of size a, located at r -- 0, is embedded in a medium 
with complex dielectric constant, e(w) = e' + is". If this medium is only weakly inhomogeneous 
and [6"[ << e', the radiation reaction force due to radiation of an atomic high-frequency (HF) 
dipole moment  p is of usual form, 2Pvfg~/3c 3, where el --- e'(w0)[r-.a > 0 and w0 is the frequency 
of the dipole transition. However, there appears also a contribution to the EM back reaction due 
to an absorption (or "amplification," if e" < 0) of the quasi-electrostatic field of the HF  dipole in 
the near zone r < A1 - 27rc/w0x/'g~, where c is the light velocity in vacuum. We will show that 
this additional nonradiative channel of the energy transfer between an atom and a medium can 
dramatically change the rate and even the direction of spontaneous EM transitions between the 
atomic states. 
Suppose for definiteness that an imaginary part of the dielectric constant, e"(r) = 47to/w0, 
is nonzero only outside a small sphere of radius R surrounding an atom; a < R < AI. Then 
the total rate of energy losses of the dipole oscillations p(t) -- (1/2)p0 exp(-iwot) + c.c. consists 
of the usual rate of the radiative losses, qr __ [Pol2w4ov~/3c3 ' plus the rate of the nonradiative 
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energy exchange between an atom and a medium, 
qnr = 21 ~_>R a(r)lE°(r)12 d3r' E0(r) = 2(p0r)r¢lr5- p°r2 (1) 
In particular, for a spherically symmetrical distribution of the conductivity a(r), homogeneous 
on the scale R, we have q,~r = 4~rlpo]2a(R)/3R3¢21. For simplicity, we assume the frequency 
dispersion ¢(w) to be weak; otherwise the expressions for qr and q,~r should be integrated somehow 
over the frequency range of the order of the total spontaneous linewidth 7 around the central 
frequency of the atomic transition. 
It is clear from the energy-balance onsiderations that the near-field absorption leads to the 
change in the usual radiative linewidth 7 r by a factor 7/7 r = (qr + qnr)/qr In the above 
spherically symmetrical case, the relative change of the spontaneous linewidth is given by 
_ _  ~r/C3 
= 1 + (2) 
~fr D3,..3~5/2" 
• ~ wO~ 1 
Thus, the nonradiative term is dominant if the imaginary part of the dielectric onstant is large 
enough: 
I¢"1 > 3 
¢1 ~ ~1 ] ' (3) 
or, which is the same, the distance to the dissipative (or active) medium is small enough. It 
is under this condition that the "absorption" or "emission" of virtual photons of the near field 
is more efficient than the emission of real photons to the wave zone. In particular, it is clear 
that Joule losses in the nearby dissipative medium with ¢" > 0 can greatly enhance the rate of 
spontaneous transitions from upper to lower energy levels; see, e.g., [1-6]. 
However, the most interesting case is when a medium is active, ¢" < 0, and the energy losses 
due to the near field, equation (i), are negative: qnr < 0. We will show that in the presence of 
active medium under the condition (3) usual spontaneous transitions from upper to lower levels 
become suppressed, while the reversed spontaneous transitions are possible and the ground state 
becomes unstable: atoms make spontaneous transitions to the upper states, emitting photons 
(virtual and real). For a classical dipole, this corresponds to the spontaneous growth of HF  
dipole oscillations. 
Since, according to equation (3), the distance R to the surface of an active medium should be 
very small, we are naturally faced with the problem of spontaneous decay and EM instability of 
an atom near the plane infinite boundary between two isotropic media with different dielectric 
constants, ¢1 = Re¢l(OJ) and ¢2 = ¢~(w) + i¢~(w); see Figure 1. It is this situation which is 
analyzed in detail in the present paper. In Section 2, we make a rigorous calculation of the EM 
reaction force acting on a HF dipole moment of an atom. On this basis, in Section 3 we consider 
the self-consistent dynamics of dipole oscillations and evaluate the rate of spontaneous transitions 
between atomic states for two models: classical harmonic oscillator and quantum-mechanical 
model of a two-level atom. In Section 4, experimental conditions for possible realizations of the 
predicted effects are discussed. Conclusions are presented in Section 5. 
2. ELECTROMAGNETIC  BACK REACTION FIELD 
It is well known that the presence of conducting or dielectric surfaces near an atom modifies the 
atomic radiation, changing its back reaction and EM vacuum fluctuations; see, e.g., [7-16] and 
recent reviews [5,6,17,18]. This alters the atomic energy levels and the rate of radiative decay. 
The calculations of the level shift for an atom near a perfectly conducting wall can be traced 
back to the papers [7,8,15,16,19-22]. According to the subsequent works [23-28] (and in accor- 
dance with the fluctuation-dissipation theorem), this effect is due to the modification of both EM 
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vacuum fluctuations and radiation reaction. It was shown that correct calculation of the energy 
shift of a given atomic level should take into account he displacement of many other levels. 
These are sensitive to the spectrum of vacuum fluctuations in a broad frequency range, and their 
contributions can cancel each other, reducing the shift of a given level. Note, however, that in 
the near zone R << At the influence of a boundary has nothing to do with vacuum fluctuations 
and is mostly due to a classical London-van-der-Waals self-action which is proportional to a large 
factor (A1/R) 3. The latter originates from the near field 
1)P~_jI i 
E i P±,ll = TP±,II ¥ (4) 
-L, I I  = 16R3e1 ' 
created by an image dipole p' at the position of a real dipole p in a quasi-electrostatic manner. 
Here and below, upper and lower signs correspond to the dipoles oriented perpendicular (2_) and 
parallel (ll) to the boundary. 
At the same time, as was shown in [1-8,17,23-27,29-31], the influence of a boundary on the 
spontaneous emission rate may be considered as a purely classical effect, referred to the transfor- 
mation of the spatial structure of the field modes. Therefore, the modified spontaneous emission 
rate can be adequately described by classical calculation of the work done by the EM reaction field 
over the HF dipole moment of an atom. Such calculations, unlike the problem of the level shift, 
are affected only by the local energy spectrum of an atom near a given transition frequency w0 
and by the local spectrum of field modes in the vicinity of this frequency. 
Physically, or spectroscopically, there were identified the following reasons for the modification 
of spontaneous emission: 
(i) changes in the spectral density of radiated modes [5,6,13,14,17,29]; 
(ii) location of an atom close to the nodes or maxima of the main radiated modes [2, 
10-12,18,30,31]; 
(iii) location of an atom in the nontransparent medium, e.g., in the medium with negative 
dielectric onstant (plasma with the Langmuir frequency higher than the atomic transition 
frequency), or in a photonic band structure, when the transition frequency is inside the 
Bragg gap [32-37]. 
In the case of an active (or dissipative) medium, considered in the paper, there exists one 
more way to change the spontaneous emission rate, which apparently has not been studied before 
(though some general formulae have been derived and some related problems for absorbing metals 
have been discussed many years ago [1-6,9]). The most remarkable feature is the appearance of a 
large factor (A1/R) 3 in the expression for the spontaneous emission rate as a result of the phase 
shift (o¢ e~) of the EM reaction field (4), acting on the real dipole from its instantaneous image 
and having a nonradiative origin. This large factor was absent in the case of a perfect conductor 
or a nonabsorbing dielectric (when spontaneous decay has pure radiative origin and is caused by 
vacuum fluctuations and radiation reaction in equal parts) [7-12,15,16,25-27,29-31]. As a result, 
the finite part (due to the finite distance R) of the diverging electrostatic energy of an atom not 
only takes part in the shifts of atomic levels, but also determines their spontaneous lifetimes. 
Let us prove this statement by calculation of the back reaction force for a harmonic dipole 
oscillator with a HF dipole moment p(t) = (1/2)p(w) exp(-iwt) + c.c. (Figure 1). Precisely, we 
calculate the electric field E(t) = (1/2)E(w) exp(- iwt)+ c.c. created by a HF dipole at its position 
z = R, x -- y = 0, taking into account a nearby active medium. We write Maxwell equations 
for two media and perform the temporal Laplace transformation (with complex frequency w), 
and two-dimensional Fourier transformation (with wave vector q ± z °) for the coordinates x, y, 
lying in the plane interface between two media. As a result, taking into account he boundary 
conditions at z = 0, we arrive at 
E.L(w) = Eoo(w) - ip(w) ~0 °° elt~ll (61~2(elt~2 ~e2t~l)- c ~1  exp(_2ROtl)q3dq, (5) 
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ip(w) L=[o<, (6,,~i-~l,~,) w ~ (a i -a i ) lexp(_2R~i )qdq  ' (6) 
Etl(W ) = E~(w) + ~ ~ (~lOt2 "~- $2~1) "~- C2Oti ((~i "~- a2)J 
where a,,2 = ~/el,2w2/c 2 - q2, el,2 = 81,2(w). The integral terms correspond to the contribution 
of a boundary, hereafter denoted as Eb±,ll. They disappear when 62 --* el or R --* c~, and only 
the free-space term remains: 
Eoo(w) = i2w 3 vcf~P(W) Ec~(t) -- 2t/(t) v /~ 
3c 3 ; 3c 3 • (7) 
The last expression is written neglecting the frequency dispersion of waves in both media, which 
is assumed every time when we come back from Laplace transforms to the initial functions of 
time. 






Figure 1. An atom located in a passive medium 1 st  the distance R from the surface 
of an active medium 2, with the dipole moment p± II z° or Pll II x0. The coordinates 
of the location point are (0, 0, R). The boundary coincides with the plane z = 0. The 
image dipoles are shown by dashed lines. 
If the medium 2 is a perfect conductor, ~2 --+ ic~, then for any R the contribution of a boundary 
is exactly equivalent to the action of an image dipole P~I = -Pll or p~ = p±, retarded by the 
time tl = 2Rv/-~/c: 
Eb±,ll(~ ) _-- (1 :F l)P±,[i(t - tl) P±,II( "t -- tl) P±,I{( t -- ~:1) 
4Rc 2 "{- (3 :F 1)R2cvr~ "{- 2(3 T 1)R361" (8) 
This result was obtained in many works, including the full quantum-electrodynamical tre tment 
of the problem; see [1-9,15,16,23,24,27,29]. 
In the wave zone R >> A1, i.e., for an atom far enough from the medium 2, the problem can 
be reduced to the action of an image (retarded) dipole P±,[I = =FP±,II(V fg~ - v f~) / (v  f~  + v f~) 
(different from P'±,II in equation (4)!) even for arbitrary complex e2, if leil/el >> A1/R. In this 
case we can put al,2 - ev~,2w/c everywhere in equations (5),(6), except for exp(-2alR) ,  and 
obtain 
, , v/~'~l - Vf~-22 [ (1 ~ 1)w 2 iw 1 ]e~h 
Eb±'ll(W) = l"±'lltW) V/~ -{- ~ 4Rc 2 + (3 :F 1)R2cv/~ - 2(3 =F 1)R3~1 . (9) 
These expressions, that are equivalent to equation (8) without he factor (V~-V~) / (V~+V~) ,  
allow one to take into account explicitly the nonzero imaginary part e~ of the dielectric onstant 
of a medium 2. As a result, one can show that the influence of a plane (but not focusing like 
Inhibi ted Spontaneous  Emiss ion 799 
a parabolic mirror) boundary between any media, which is separated from an atom by a large 
distance R >> A1, is reduced to a small correction to the usual radiation reaction term (7). 
Therefore, we will be interested only in the case of a near zone, R << A1. Unfortunately, even 
under this condition the integrals in equations (5),(6) cannot be calculated analytically. However, 
an approximate result for the most interesting case of positive values of 61,6~ and small value 
of 6~ (of any sign) can be easily written as a sum of two terms: 
(i) radiative (wave) term, E r, independent on R and 6~, and 
(ii) nonradiative (near-field) term, E nr, which depends on a factor (A1/R) 3 and exists only 
for nonzero 6~. 
The first term E~L,II(W ) = F±,II(7])E~(w), where ~ = V~/~2/el, is derived for a nonabsorbing 
medium 2, 6~ = 0, under the assumption R << A1,2 (where A2 = 21rc/wov~2): 
F±(7]) = (1 + 7])(1 + 7] 2) 3 + 1 + 7]-------2 (1 7])(1 -I- 7]2)3/2 In - 1 + ~  
7]4, 7] << i, 
2 
-- 1+2.5(7]-1) ,  ] <7]<2;  (10) 
2+7/, 77>> i,
2 + 7]2 + 7]3 _~. 7]4 3773 
FII(7]) = 2(1 + 7]3) + 2(1 + 7])(1 -I- "T} 2) 
×{7] 1 
3 1-t- 7] ~ +  
1 + o.5(7] - 1), 
7], 
Functions F±,ll(7] ) are presented 
absorbing dielectrics changes the radiation reaction force (in the near zone), as compared with 
its free-space value, equation (7). Expressions (10),(11) cannot be obtained by any kind of the 
image methods due to a complicated angular and polarization dependence of Fresnel reflection 
coefficients in equations (5),(6). When 7] --+ 0, i.e., e~ << 61, we obtain according to the values :El 
of reflection coefficients for TE-modes, that for the perpendicular dipole, F± ~ 0 (no radiation 
reaction), and for the parallel dipole, Fii ~ 1 (radiation reaction force as in the free space). This 
case is in fact opposite to the case of a perfect conductor (8), when the component of radiation 
reaction field, which has the phase shift ~r/2 with dipole oscillations, is equal to 2E~ and 0, 
respectively. When 7] --, oo, i.e., 6~ >> 61, the radiation reaction for R << A2 is determined by 
the evanescent waves and by the effect of total internal reflection in a medium 2. As a result, 
practically all radiation of a dipole goes to the medium 2, and the radiation reaction force is very 
large, E~,II (t) ~- (2V/~/3c3)[/±,1] (t) (because F±,I ~- 7]), despite the fact that the radiating dipole 
is located in the medium 1. This asymptotic oincides with the one obtained in [1,10-12,15,16]. 
It can be shown that with increasing R from R ~ A2 to R ~ A1, the radiation reaction force 
smoothly decreases to its standard value, equation (7), determined by a medium 1. 
The second, nonradiative, term E~r,l i (w) in the boundary contribution to the back reaction is 
calculated for an arbitrary 6~ in an asymptotic limit A1/R ~ ¢x~, using a convenient expansion 
O~2 - -  a l  - -  (61 --  62)W2/2C2a1 in equations (5),(6): 
nr P±,II(W) ~,-62  ~ i w 2 f 61 "[- 362'~I 
E±'li(w) = 2(37= 1) 61"~ E [ -  R---'~el + ~ ~,-1 :l: 6! +62 "'/J" (12) 
7] 
(1 - 7])(1 + 7]2)3/2 
7]<1, 
7] < (11) 
7]>1. 
in Figure 2. They show how the interface between two non- 
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Figure 2. Normalized radiation reaction forces F(r/), equations (10),(11), acting 
on the perpendicular (.l.) and parallel ([[) dipole harmonic oscillators located in a 
nonabsorbing dielectric (el > 0) infinitely close to the plane surface of another non- 
absorbing dielectric (e2 > 0). The independent variable is r /= e2/el. 
The main term in equation (12), proportional to 1/R 3, agrees with the electrostatic method of 
images, while the quasi-static correction term, o( l/R, is due to time-retardation of back reaction 
and the HF magnetic field. We will neglect this correction term in the near zone. 
The component of (12) which has the phase shift Ir/2 with dipole oscillations i
Im L~- - )  _~2Im ~_ 
\ P]I / 2RS( ~1 +62) 2' 
(13) 
It is this component that modifies the decay of dipole oscillations. The significant change in the 
spontaneous emission rate 7 due to nonzero e~ is expected when the value of (13) is greater than 
the value of the radiative term 
Er 
Im ("'-L,II '~ = 2w0 3 vq[F-L,II 
\ P±,ll / 3c3 
(14) 
This statement, which leads to the results imilar to equations (2) and (3), is justified in the next 
section for specific models of an atom. 
3. RADIAT IVE  DECAY VERSUS NONRADIAT IVE  INSTABIL ITY  
We will assume for simplicity that eg/(~ + el ), ')'/0~0 << 1, and neglect the frequency dispersion 
~1,2(w) in a bandwidth ~ 7 near a given frequency of dipole transition. 
After performing Laplace transformation, the equation for free dipole oscillations of a classical 
harmonic oscillator with a charge , mass m, and frequency w0 takes the form 
(--w2 +wg)p(w) = (~)  (Er(w) + Enr(w)). (15) 
We have omitted the inhomogeneous terms arising due to initial conditions, because we are 
interested only in the complex eigenfrequency, w = w' - i7/2, modified by the radiative and 
nonradiative back reaction. Assuming that the effective Lamb shift w t - w0 is small, so that 
[w - wo[ << wo, we arrive at 
(~1 - ~)e  2 
J~ - ~0 ~- 2(~ii - o~0) ~- 8rn~0el(el + e~)R s' 
~e 2 
r = 2e 2 V/~w02F-L,[I 
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The factor FI,II in equation (18) takes into account he effect of a boundary on the rate of the 
usual spontaneous radiative decay ~/[,11" The expression (17) for the nonradiative line broadening, 
7 nr = - 7 r • ±,ll "Y±,II ±,11 c¢ e~, can be written for the ratio "y±,ll/~/[,il in the form of equation (2) after 
substituting in (2) 
- ,  3(3 + 1)e  
16(1 + e~/el)Sf±,lj" (19) 
Moreover, without aking into account the obvious factor F±,ll , the expression for the nonradiative 
decay rate, equation (17), can be obtained immediately from the energy-balance considerations (1) 
with a = e~wo/4r. One should only remember that 
(i) the volume integration in (1) should now be made over the segment z < 0 of the sphere 
x 2 + y2 + (z - R) 2 < ~12 (see Figure 1); 
(ii) according to the method of images, the near field E0(r) in a medium 2 is created by an 
auxiliary image dipole, p" = 2p/(el +e2), located at the position of a real dipole, (0, 0, R). 
Such a direct energy-balance alculation of the modified line broadening, 7/7 r = 1 + qnr/qr, 
is evidently possible not only for a plane boundary between media 1 and 2. This shows that the 
above effect should take place for an arbitrary shape of a boundary between "passive" and active 
media, if the latter is located in the near zone of a radiating dipole. Therefore, as in Section 1, we 
obtain that under the condition (3) with substitution (19) the nonradiative EM interaction of an 
atom with a nearby medium 2 prevails over the radiative back reaction. In the case of an active 
medium 2, e~ < 0, the dipole becomes unstable, 7±,11 < 0. Namely, the emission of real photons 
of a wave field and of '~¢irtual" photons of the near (quasi-electrostatic) field is accompanied by 
an exponential growth of an amplitude of the dipole oscillations, p±,ll(t) c¢ exp(]7±,]l It/2). As a 
result, higher and higher energy levels of a harmonic (or quasi-classical) dipole oscillator will be 
populated. 
There exists a particular case when e~ ~- -4F±,I  V/~(gl Jr g~)2R3w3/3C3, and the spontaneous 
transition rate tends to zero. In this case, the lifetime of atomic levels (or the decay time of the 
amplitude of dipole oscillations for a classical dipole) greatly increases: ~- ,,, 1/]71 >> 1/~/r. This 
means that radiative losses of an atom due to the emission of real photons are compensated by 
an active medium via the interaction with a near field, i.e., via stimulating of atomic absorption 
of virtual photons. 
Now we turn to the model of a two.level atom. Let us consider qualitatively the coherent 
evolution of populations of its lower and upper levels, nl,2(t), under the action of the back 
reaction field, without taking into account possible transitions to other states (nl + n2 = 1): 
d(n2-n l )  ( 2 ) dp 
dt = ~00 (Er(t) + E"rCt)) -dT" (20) 
In the primitive semiclassical pproximation, that is enough for qualitative considerations, this 
equation for population difference xpresses nothing more than the energy variation of an atom 
driven by a classical field. The equation (20) should be solved together with the equation for the 
averaged (in the quantum-mechanical sense) dipole moment p(t), oscillating with the frequency w0 
of the atomic transition and possessing no incoherent relaxation. After performing Laplace 
transformation, the last equation can be reduced to equation (15), in which, according to the 
Thomas-Reiche-Kuhn sum rule, one should replace e2/m --. 2(nl - n~)d2wo/l~, where d is a 
magnitude of the matrix element of the dipole transition between two states. This set of equations 
describes coherent spontaneous dynamics of an atom and cannot be totally correct because it has 
nothing to do with atomic and EM vacuum fluctuations. However, it includes the essence of the 
atomic self-action (and can be used for description of collective spontaneous emissions of a dense 
atomic ensemble). 
In particular, it is clear that for a fixed value of the population difference (n2 - nl), any small 
initial perturbation, P0 << In2 - nl[d, of a mean value of the dipole moment, even related to 
34:7/8-F 
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quantum fluctuations, will evolve according to the exponential law 
PX'll(t)=p°exp[TX"lf°(n2-nl)dt'] c°s (w~' l l t ) '2  (21) 
Here the modified Einstein coefficient of spontaneous emission is given by (see equations (17),(18)) 
= F±'II + 2(3 1)v'gr(el + 4)2 0gR 3 ' (22) 
and we do not attempt to calculate the Lamb shift of the transition frequency, co ~ - co0, which 
is analogous to that for the classical (dipole) harmonic oscillator (see equation (16)). Because 
of the inequality [7] << w0 -~ co', the evolution of the population difference is rather slow, and 
we can estimate it from the well-known conservation law of the length of the Bloch vector, 
(n 2 _ n1)2d2 _1_ p2 .{_ 162/w02 = const, which is the first integral of equations (15),(20): 
[ /o  t ] (n2 -- nl)2d 2 -~ (n2(0) - nl(0))2d 2q-po 2 -p2exp 3,±,11 (n2 - nl)dt' . (23) 
It may be concluded from the above implicit solution that spontaneous transitions in a two-level 
atom depend on the sign of the modified Einstein coefficient (22). Indeed, if the initial sign of 
the population difference n2 (0) -?~1 (0) coincides with the sign of the modified Einstein coefficient 
(22), the mean dipole moment  (21) will exponentially grow during the time 7" ,,~ 1/[7±,llh until 
the population difference drops to zero. Then the dipole moment will exponentially decay, and 
the value of the population difference increases up to an initial value, but with an opposite sign. 
Thus, spontaneous transitions from upper to lower level (n2(0) = i, nl(0) = 0) are possible only 
if "Y±,[l > 0, i.e., either in the presence of an absorbing medium with ~ > 0, when the transition 
rate is enhanced, or in the presence of an active medium with small enough value of leVI, when 
spontaneous transitions are decelerated but still not reversed. 
If, on the contrary, the value of [6~[ for an active medium is high enough (cf. equation (3)), 
~3~3 
-e~ > 2(3 q: 1)F±,IIV~(el _l_ g2}--, ,2 3~''0 (24) 
spontaneous transitions are possible only from lower to upper level (n2(0) = 0, nl(0) = 1), 
and, in particular, the ground state of an atom becomes unstable. At the same time, sponta- 
neous transitions from upper to lower level become completely suppressed! Indeed, in this case 
7-L,II (n2(0) -n l (0 ) )  < 0, and, therefore, any fluctuations of the dipole moment will exponentially 
decrease with time according to equation (21), and the population difference remains practically 
unchanged according to equation (23). 
After these simplified preliminary considerations, bearing in mind the classical origin of the 
near-field modification of Einstein's coefficient, we can write down correct atomic master equa- 
tions, i.e., modified Bloch equations for a two-level atom (of course, they can be derived in a usual 
quantum electrodynamical way; el., e.g., [13,15-17,23,24,29]): 
P.l.,[[-[-[~.l.,[[ [I~±,[[ "4-c02p.l.,[[ --~ 2(nl --n2)d2o~o~-lEext, (25) 
n2 - nl + "~±,lln, = Eextl~±,ll. (26) 
Here s = (3 + sign~,±,0/2, and Eext(t) is an external (cl&ssicA.I) field which now does not contain 
any back reaction field. In the semiclassical equations (25),(26), the back reaction is present 
implicitly, via the modified decay rate, 7±,11. This rate may be not only positive, as in the usual 
ease when s = 2, but also negative when s -- 1. In the latter (unstable) case, an atom jumps 
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spontaneously to the upper level, if an external field is absent (n2 --* 1, nl --* 0, if Eext = 0). 
However, the atomic polarization is forced to decay in both cases, independently of the sign of 
the modified rate 7±,11. Also, the correct master equations how the decay of the length of the 
Bloch vector. 
As for the condition of the reversal of spontaneous transitions (from downstairs to upstairs), 
the corresponding inequality (24) does not include any parameters of a dipole oscillator, and is 
valid therefore for an arbitrary atom (including the classical harmonic oscillator), and not only 
for a two-level one. Note that due to the presence of a factor (3 =F 1)F±,II (~/) in the inequality (24), 
the threshold of the EM instability and its growth rate (22) are essentially (by a factor of ,,, 2) 
different for two dipole orientations, unless the value ~} is too close to unity; see Figure 2. 
4. POSS IBLE  EXPERIMENTS 
In this section, we discuss the possible xperiments in which the above effects of the nearby 
active medium on the spontaneous transitions in atoms could be observed. Of course, we have 
in mind not only atoms, namely, the electron transitions in atoms (preferably, between Rydberg 
states), but also molecules (vibration-rotational transitions), electrons in magnetic traps (cy- 
clotron transitions), quantum wells in semiconductor structures (excitonic transitions), etc. It is 
important that, according to inequalities (3) and (24), the suppression ofspontaneous emission of 
excited atoms and EM instability of the ground state take place provided an atom is located very 
close to the surface of an active medium, in any case much closer than the radiation wavelength. 
Therefore, for experimental realizations the IR and even sub-ram ranges eem to be most suitable. 
At the same time, the distance to the boundary should be, of course, much greater than the size 
of an atom and the distance between molecules in an active medium. Otherwise, electrodynamics 
of continuous media becomes invalid, and an atom interacts only with few molecules of an active 
medium. 
Furthermore, to make the role of a boundary between active and passive dielectrics more 
pronounced, it is desirable that their dielectric onstants be essentially different (say, by a factor 
of ,,~ 2), but at the same time not much greater than unity. It is also desirable to perform 
experiments for both perpendicular nd parallel orientation of atomic dipoles; see Figure 1. 
Finally, one should try to achieve the largest possible values of leVI. Note that the emission 
rate of real photons, i.e., the radiation power in the wave zone, can be many times less (by a 
factor -36~c3/(2(3 ~: 1)F±,II V~(el  + 6~)2w3R 3) >> 1) than the emission rate of '~irtual" quanta 
of the near field, i.e., the power of generation of the near field. In this case, the change in the 
spontaneous transition rate should be detected by direct measurements of the populations of 
given levels just before and immediately after the "switching on" of the interaction between an 
atom and an active medium. Possible variants of such a "switching on" are: 
(a) switching on of a pump creating population inversion, i.e., activity, of a nearby active 
medium; 
(b) excitation of an atom to the given level; 
(c) placing an atom close to the active medium, for example, as a result of its flyby above the 
segment of a surface of the active medium. 
The atom-medium interaction time between two successive measurements of the population 
of a given level should be chosen of the order of the inverse modified Einstein coefficient (22). 
However, if an active medium occupies a large volume, the above time should not be greater than 
~/-1 the growth time of spontaneous emission of an active medium: I ±,ill ~ 2~/wol~]. Otherwise, 
this external radiation will lead to the induced transitions in the atom and distort he picture. The 
above condition is rather restrictive, though achievable if R 3 ~ d26~/((el + ~)2~0) .  However, it 
can be completely avoided if the typical size, L, of the sample of an active medium is smaller than 
the inverse amplification factor, L < 2cv~2/wo16~l -= )~2~/~1~1, but of course much greater than 
wavelengths in both media, L >> ~1,2. Then the spontaneous emission from an active medium 
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does not change significantly the numbers of quanta in vacuum fluctuations of EM modes, but 
at the same time provides the required amplification of the near field of an atomic dipole. 
5. CONCLUSIONS 
In conclusion, we have shown the real possibility of an essential modification of the radiation 
reaction force, and the appearance of even larger nonradiative back reaction force acting on 
an atom placed close to the surface of an active dielectric. As a result, the rate and even 
the direction of spontaneous transitions in an atom are inevitably changed, leading to the total 
suppression ofthe spontaneous decay of excited states, and the EM instability of the ground state. 
The above results demonstrate n w ways of an efficient control of the lifetime of atomic states 
and can find potential applications, for example, in quantum optics (including cavity QED and 
microlasers), in planar electronics (including quantum wells and photonic band-gap structures 
in semiconductors), in quantum chemistry (including femtosecond laser chemistry and chemistry 
of adsorbed substances), and, of course, in spectroscopy (including narrowing of atomic spectral 
lines). 
We have also clarified an interplay between radiative (18) and nonradiative (17) mechanisms of 
spontaneous transitions in an atom placed near an active medium. These mechanisms correspond 
to the first and the second term in the r.h.s, of equation (22). Both terms have a classical origin 
and do not depend on the quantum peculiarities of HF dipole oscillations of an atom interacting 
with EM vacuum fluctuations. 
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